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(54) Muscle-operated vehicle with an auxiliary electrical power drive system and method for 
controlling said system 

(57) Muscle-operated vehicle, especially bicycle, 
comprising a muscle-operated driving system having a 
crankshaft (46) rotatable by muscle power from a driver, 
and an auxiliary electrical power drive system. Further, 
a controller (54) is provided for controlling the output of 
the auxiliary electrical power drive system based on 
operating conditions detected. Said controller com- 
prises determining means (70,74) for determining 
whether said vehicle is being started or reaccelerated 
for power assisted running after coasting for controlling 
the ratio of assist power to the pedal force applied to the 
crank pedals in response to said determination. 
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Description 

This invention relates to a muscle-operated vehicle, 
especially bicycle, comprising a muscle-operated driv- 
ing system having a crankshaft rotatable by muscle 
power from a driver, an auxiliary electrical power drive 
system, and a controller for controlling the output of the 
auxiliary electrical power drive system based on operat- 
ing conditions detected and a method for controlling an 
assist power of a muscle-operated vehicle, especially 
bicycle, comprising a muscle-operated driving system 
having a crankshaft rotatable by muscle power, an aux- 
iliary electrical power drive system, and a controller for 
controlling at least the output of the auxiliary electrical 
power drive system based on operating conditions 
detected. 

In recent years, power-assisted vehicles are pro- 
posed in which assist power is supplied from an electric 
motor according to pedal force applied to pedals and 
vehicle speed. Such a loud of vehicles are constituted 
that, at the time of starting from the standing state, a 
large amount of assist power is supplied because a 
large pedal force is required and the vehicle speed is 
almost zero. Furthermore, detection of the pedal force 
and the vehicle speed is usually carried out through 
detection of crankshaft input torque and crankshaft rota- 
tion speed for reasons of avoiding unauthorized altera- 
tion and saving power consumption during downhill run 
by stopping the electric motor. 

However, if the crankshaft input torque and crank- 
shaft rotation speed are used in place of the pedal force 
and vehicle speed as in the conventional constitution, 
when the vehicle is coasting, the vehicle speed is deter- 
mined as zero and the vehicle is determined as stand- 
ing because the crankshaft is not rotating. As a result, a 
problem occurs that a large amount of assist power is 
supplied when the vehicle running state changes from 
the coasting state to powered run state and running 
feeling is impaired. 

Accordingly, it is an objective of the present inven- 
tion to provide an improved muscle-operated vehicle as 
indicated above facilitating with simple technical means 
to always supply an appropriate amount of assist power 
according to the running conditions of the vehicle and, 
in addition, to improve the running feeling. 

According to the present invention, this objective is 
solved for a muscle-operated vehicle as indicated above 
in that said controller is provided with determining 
means for determining whether said vehicle is being 
started or reaccelerated for power assisted running 
after coasting for controlling the ratio of assist power to 
the muscle power applied to the crankshaft in response 
to said determination. 

According to preferred embodiments of the present 
invention, said controller is adapted to control the ratio 
of assist power to the muscle power such that this ratio 
of assist power gradually increases under reaccelera- 
tion conditions. 

In order to further enhance the determining possi- 



bility, it is advantageous when said determining means 
is adapted to determine that the vehicle is being started 
based on whether the rotational speed of said crank- 
shaft is equal to or smaller than a specified value when 

5 a muscle power detectable by a pedal force sensor 
reaches a specified value and to determine that the 
vehicle is being reaccelerated based on whether the 
rotational speed of said crankshaft is equal to or larger 
than the specified value when the muscle power 

io reaches said specified value. 

This possibility may be still further enhanced when 
said determining means is adapted to determine 
whether said vehicle is being started or reaccelerated 
according to which occurs earlier the time when the 

15 muscle power reaches a specified value or the time 
when the rotational speed of the crankshaft reaches a 
specified value. 

It is a further objective of the present invention to 
provide an improved method for controlling an assist 

20 power of a muscle-operated vehicle as indicated above 
which facilitates to always supply an appropriate 
amount of assist power according to running conditions 
of the vehicle and, in addition, to improve the running 
feeling. 

25 According to the present invention, this further 
objective for a method for controlling an assist power of 
a muscle-operated vehicle as indicated above is solved 
by the steps of determining whether said vehicle is 
being started or reaccelerated after coasting and of dif- 

30 ferently controlling the ratio of assist power to the mus- 
cle power applied to the crankshaft in response to the 
determining results. 

According to preferred embodiments of the present 
invention, said controller controls the ratio of assist 

35 power to the muscle power such that this ratio of assist 
power gradually increases under reacceleration condi- 
tions. 

In order to further enhance the determining possi- 
bility, it is advantageous when said determining means 

40 determines that the vehicle is being started based on 
whether the rotational speed of said crankshaft is equal 
to or smaller than a specified value when a muscle 
power detectable by a pedal force sensor reaches a 
specified value and to determine that the vehicle is 

45 being reaccelerated based on whether the rotational 
speed of said crankshaft is equal to or larger than the 
specified value when the muscle power reaches said 
specified value. 

According to another preferred embodiment of the 

50 invention, it is advantageous when said determining 
means determines that the vehicle is being started 
based on whether the rotational speed of said crank- 
shaft reaches a specified value after the muscle power 
has reached a specified value and determines that the 

55 vehicle is reaccelerated based on whether the muscle 
power reaches a specified value after the rotational 
speed of the crankshaft has reached the specified 
value. 

Other preferred embodiments of the present inven- 
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lion are laid down in further dependent claims. 

In the following, the present invention is explained 
in greater detail with respect to several embodiments 
thereof in conjunction with the accompanying drawings, 
wherein: 

FIG. 1 is a side view of a bicycle provided with an 
assist power control device of an embodiment of 
the invention; 

FIG. 2 shows the structure of the above-described 
control device; 

FIG. 3 shows a constitution of another type of bat- 
tery to be employed in the bicycle; 
FIG. 4 is a characteristic drawing showing relation- 
ships between human power torque, crank speed, 
and time at the time of starting the bicycle; 
FIG. 5 is a characteristic drawing showing relation- 
ships between human power torque, crank speed, 
and time at the time of reaccelerating the bicycle; 
FIG. 6 is a flow chart for describing operation of the 
control device; and 

FIG. 7 is a characteristic drawing for describing the 
assist ratio of reacceleration of the bicycle. 

FIG. 1 shows a power-assisted bicycle 1, a vehicle 
body frame 10 of which comprises a head pipe 12, a 
down tube 14 extending from the head pipe 12 obliquely 
rear downward, a seat tube 16 rising up from the rear 
part of the down tube 1 4, right and left paired rear arms 
20 extending rearward from the rear end of the down 
tube 14, and right and left paired seat stays 22 connect- 
ing the rear ends of the rear arms 20 to the upper ends 
of the seat stays 22. 

A front fork 24 is supported for free right and left 
rotation about its axis on the head pipe 1 2. A front wheel 
28 is bearing-supported at the lower end of the front fork 
24. Steering handlebars 26 are attached to the upper 
end of the Iront fork 24. A seat post 30a is inserted into 
the seat tube 16. A rear wheel 32 is rotatably attached 
between the rear ends of the rear arms 20, The rear 
wheel 32 has a hub 34 which contains a variable trans- 
mission. 

A power unit (an electric power drive system) 40 as 
a power source of the power-assisted bicycle comprises 
a power case 42 and a permanent magnet type DC 
motor 44 extending from the power case 42 obliquely up 
forward and disposed in a vehicle cover 41 . The power 
case 42 is attached below the rear part of the down tube 
14. The electric motor 44 is parallel to the rear part 14a 
of the down tube 14. 

A crankshaft 46 passes through the power case 42 
in the direction of the vehicle width. Both ends of the 
crankshaft 46 are provided with crank arms 48 (only one 
is shown). To the crank arms 48 are attached crank ped- 
als 50. A human power drive system 75 is constituted 
such that pedal force applied to the crank pedals 50 is 
transmitted through a chain 52 to the rear wheel 32. 

The pedal force applied to the crank pedals 50 is 
detected with a pedal force sensor 73 (shown in FIG. 2) 



disposed within the power case 42. 
Output of the electric motor 44 (assist power) is control- 
led with a controller 54 according to the pedal force and 
the crankshaft rotation speed. The pedal force on the 

5 pedals 50 and the assist power of the electric motor 44 
are combined together in the power case 42, and the 
combined force is transmitted through the chain 52 to 
the rear wheel 32. By the way, the controller 54 for con- 
trolling the output of the motor 44 is attached at a posi- 

io tion below the front part 1 4b of the down tube 14 within 
the vehicle cover 41. 

In a vicinity where the vehicle body frame 1 0 is con- 
nected to the head pipe 12 are provided a main switch 
56 and an insertion slot 63 facing outward from an 

is opening 41a formed on the vehicle body cover 41. A 
memory card (not shown) with memory of assist power 
supply degree commensurate with a rider's physical 
strength and liking is to be inserted in the slot 63. 

A nickel-cadmium battery 64 is a power source for 

20 the power unit 40 and comprises a large number of bat- 
tery cells 66 in series contained in a case as shown in 
FIG. 2. The battery 64 is removably disposed in a bat- 
tery case 60 disposed in a space between the seat tube 
1 6 and the front edge of the rear wheel 32. By the way, 

25 the upper end opening of the battery case 60 is located 
between the right and left seat stays 22 and projects 
upward. The nickel-cadmium battery 64 may be taken 
out upward through the space between the right and left 
seat stays 22. 

30 The bottom outside surface of the case for the 
nickel-cadmium battery 64 are formed with positive and 
negative pole terminals 64a, 64b, and a determination 
terminal 64c for determining battery type. By the way, 
the determination terminal 64c may also be connected 

35 to a position near the negative pole terminal of the bat- 
tery cells 66. 

On the bottom inside surface of the battery case 60 
are provided a positive pole terminal 60a, a negative 
pole terminal 60b, and a determination terminal 60c cor- 

40 responding to the nickel-cadmium battery 64 side termi- 
nals 64a, 64b, and 64c. These terminals are arranged to 
be automatically connected when the nickel -cadmium 
battery 64 is inserted into the battery case 60. 

The terminals 60a, 60b, and 60c on the bottom of 

45 the battery case 60 are connected through cables 67 to 
the controller 54. This constitutes a power supply con- 
trol device 68 which determines the battery type, dis- 
plays the battery type on an indicator 69, and controls 
the amount of electric power to the electric motor 44 of 

so the power unit 40 according to the battery type. 

The controller 54 is provided with battery type 
detection means and a CPU 70 functioning as an assist 
power control means. A terminal T1 of the CPU 70 is 
connected to a base of a transistor 71 working as a 

55 switching element interposed between the positive pole 
terminal 60a and the electric motor 44. A terminal T2 is 
connected to the determination terminal 60c through an 
IF 72 having a load such as a resistor. To the IF 72 is 
connected to a 5 volt power source. The negative pole 
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terminal 60b is grounded within the controller 54. 

Here, the battery type determining function of the 
controller 54 is for determining whether the battery is 
the nickel-cadmium battery 64 or other type of battery 
65 shown in FIG. 3. In order to make the determination 5 
possible, the determination terminal 65c is open as 
shown in FIG. 3 in contrast to the internal connection 
shown in FIG. 2. 

The battery type determining operation is carried 
out as follows. to 

When the nickel-cadmium battery 64 is installed in 
the battery case 60, the determination terminal 60c is 
grounded through the determination terminal 64c 
located on the battery side and the voltage at the termi- 
nal T2 of the CPU 70 becomes 0 volt (low). On the other is 
hand, when the battery 65 is installed, the determination 
terminal 60c is open through the terminal 65c located 
on the battery side and the voltage at the terminal T2 of 
the CPU 70 becomes about 5 volts (high). Therefore, 
when the voltage at the terminal T2 is low, determina- 20 
tion is made that the nickel-cadmium battery 64 is 
installed, and when the voltage at the terminal T2 is 
high, determination is made that another type of battery 
65 is installed. 

The battery type detected as described above is 25 
indicated on the indicator (type indication means) 69 
and at the same time a battery characteristic commen- 
surate with the battery time is set, power supply amount 
to the electric motor 44 is controlled according to that 
characteristic, and assist power is controlled according 30 
to the pedal force applied to the pedals 50. 

With the controller 54, the assist power is controlled 
according to the battery type, the assist power is con- 
trolled depending on whether the vehicle is being 
started or reaccelerated. To the CPU 70 of the controller 35 
54 are inputted a pedal force (human power) from the 
pedal force sensor 73 and a crankshaft rotation speed 
(vehicle speed) from a vehicle speed sensor 74, and the 
power supply amount to the electric motor 44 is control- 
led according to the pedal force and the vehicle speed. 40 

Here, relationship between the human power 
torque and the crankshaft rotation speed during start 
and reacceleration of an ordinary bicycle is as shown in 
FIGs. 4 and 5. That is to say, while the crankshaft rota- 
tion speed B rises after a specified period of time has 45 
elapsed from the start of application of human power 
torque A at the time of start as shown in FIG. 4, at the 
time of reacceleration as shown in FIG. 5, the human 
power torque A' is detected after the crankshaft rotation 
speed B' rises to a specified value to agree with the rear so 
wheel speed. By the way, the symbols E and E' in FIGs. 
4 and 5 show how the assist torque (assist power) 
changes during start and reacceleration. While the 
assist power E is controlled to be about the same as a 
human power torque A, the assist power E' during reac- 55 
celeration is controlled to be smaller than a human 
power torque A'. 

In this embodiment, whether the vehicle is being 
started or reaccelerated is determined with the crank- 



shaft rotation speed when the human power torque 
reaches a specified determination torque (assist torque 
supply start determination torque). In other words, as 
shown in FIG. 4, the vehicle is determined to be being 
started if the crankshaft rotation speed is equal to or 
below the specified speed V at the time t1 when the 
human power torque A reaches the determination 
torque T. On the other hand, the vehicle is determined to 
be being reaccelerated if the crankshaft rotation speed 
is equal to or above the specified speed V at the time t4 
when the human power torque reaches the determina- 
tion torque T. 

By the way, usually at the time of start, the crank- 
shaft rotation speed becomes the specified speed V at 
the time t2 which is after the time to from the time tt 
and, at the time of reacceleration, the human power 
torque becomes the specified torque T at the time t4 
which is after the time t0' from the time t3 when the 
crankshaft rotation speed reaches the specified speed 
V. Therefore, this invention includes any arrangement in 
which whether the vehicle is being started or reacceler- 
ated is determined according to which is earlier the time 
when the human input torque reaches the specified 
value T or the time when the crankshaft rotation speed 
reaches the specified speed V. 

Next, the control operation of the controller 54 will 
be described in reference to the flow chart shown in 
FIG. 6. 

First, as the main switch 56 is turned on, the con- 
troller 54 is started, and a control system of the power- 
assisted bicycle 1 is started (step S1). If the human 
power torque detected as described above is smaller 
than the determination torque T, the following process of 
assist start determination is waited for (step S2). 

When the human power torque is greater than the 
determination torque and speed pulses showing the 
crankshaft rotation speed are present at that tune, or 
more preferably when the crankshaft rotation speed is 
determined to be greater than the specified speed V 
(step S3), the vehicle is determined to be being reaccel- 
erated as described above, variable speed position of 
an automatic transmission is held to the current posi- 
tion, and assist power supply is controlled to be com- 
mensurate with the reacceleration (steps S4 and S5). 
By the way, the variable speed position of the continu- 
ously variable transmission may be controlled to a posi- 
tion corresponding to a current running speed. The 
human power torque is detected with the magnitude of 
signal voltage from the pedal force sensor 73. The rota- 
tion speed of the crankshaft is detected with pulses from 
the vehicle speed sensor 74. 

In the above step S3, when the human power 
torque exceeds the determination torque and if there is 
no speed pulse representing the crankshaft rotation 
speed at that time, or more preferably if the crankshaft 
rotation speed is equal to or less than V, the vehicle is 
determined to be being started, the automatic transmis- 
sion is set to a low speed position (step S6), and the 
assist power control of the above step S5 is carried out. 
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Here, the above-described assist power control is 
carried out as shown in FIG. 7 so that a ratio of assist 
power to the pedal force (assist ratio) for reacceleration 
is smaller than that for starting and that the assist ratio 
for reacceleration is gradually increased to agree, after 5 
a specified period o1 time elapses, with the assist ratio 
for the starting. In other words, while the assist ratio for 
starting is always 1 , the assist ratio for reacceleration is 
set to 0.5 and controlled to increase with the lapse of 
time and to agree with the assist ratio for starting after a w 
specified period of time elapses. By the way, the gradual 
increase in the assist ratio may be changed in propor- 
tion to. time as shown with a characteristic curve C of 
FIG. 7 or the increase rate may be changed as shown 
with a characteristic curve D of FIG. 7. 15 

In this way, the assist power for starting is controlled 
as shown with a broken line curve E in FIG. 4 to the 
same magnitude as the input torque. When the crank- 
shaft rotation speed exceeds a preset intermediate 
speed (for example 15 km/h), the assist ratio is gradu- 20 
ally decreased to reach zero at the maximum speed (for 
example 24 km/h). 

The assist power for reacceleration is controlled as 
shown with a broken line curve E* in FIG. 5 to gradually 
increase from about a half of the input torque. In the 25 
middle, the assist ratio becomes about the same as that 
for starting. Thereafter, the control is the same as that 
for starting. 

With the assist power control device 54 of the 
invention described above, in the case the vehicle 30 
speed is detected from the crankshaft rotation, whether 
the vehicle is being started or reaccelerated is deter- 
mined from the crankshaft rotation speed when the 
human power torque reaches the specified value T, and 
the assist ratio is set smaller for reacceleration than for 35 
starting. As a result, an excessive amount of assist 
power which is the same as that for starting is prevented 
from being supplied at the time of inputting human 
power after coasting. As a result, running feeling is 
improved. 40 

Since it is arranged that the assist ratio for reaccel- 
eration agrees with the assist ratio for starting after a 
specified period of time elapses, short supply of assist 
power does not occur at the time of reacceleration. This 
also improves the running feeling. 45 

Furthermore, since the variable transmission is 
controlled to be in low gear at the time of starting and to 
remain in high gear at the time of reacceleration, the 
assist power is supplied sufficiently at the time of start- 
ing and prevented from being supplied excessively at so 
the time of reacceleration. 

Furthermore with the assist power control device 68 
of the embodiment, since the type of battery is deter- 
mined and power supply to the electric motor 44 is con- 
trolled according to the battery type, different type and 55 
capacity of battery may be used on the same vehicle to 
save maintenance work and cost. 

Furthermore, since a single controller may handle 
different types of batteries, a specific controller is not 
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required for each type of battery. This facilitates produc- 
tion control, parts control, and reduces cost. 

Here, in order to prevent the assist power from 
increasing excessively, it is also effective to set the 
torque T for determining the start of assist power supply 
for reacceleration smaller than the determination torque 
T for starting. 

When control is carried out as described above, 
since the assist power is supplied little by little from the 
time when the input torque is small, shocks as in the 
case the assist power is applied suddenly is alleviated. 
From this point too, running feeling is improved. 

As described above, with the assist power control 
device according to an embodiment of the invention, 
since the assist power supply state is changed accord- 
ing to the determination whether the vehicle is being 
started or reaccelerated, vehicle running feeling is 
improved. 

With another embodiment of the invention, since 
the assist ratio is set smaller for reacceleration than for 
starting, the assist power is prevented from being sup- 
plied excessively when the vehicle running state 
changes from coasting to powered running. This 
improves running feeling. 

With a further embodiment of the invention since 
the assist ratio for reacceleration is gradually increased 
to agree with the assist ratio at the time of starting after 
a specified period of elapses, short supply of assist 
power is prevented at the time of reacceleration, and 
running feeling is improved. 

With a still further embodiment of the invention, 
since the assist power supply start torque (determina- 
tion torque) for reacceleration is set smaller than that at 
the time of starting, the assist power is prevented from 
being supplied excessively at the time of reacceleration. 
This improves running feeling. 

With other embodiments of the invention, since 
whether the vehicle is being started or reaccelerated is 
determined from the input torque and the crankshaft 
rotation speed, an effect is provided that starting and 
reacceleration are discriminated with a simple structure 
without adding sensors or the like to the conventional 
structure. 

Claims 

1. Muscle-operated vehicle (1), especially bicycle, 
comprising a muscle-operated driving system hav- 
ing a crankshaft (46) rotatable by muscle power 
from a driver, an auxiliary electrical power drive sys- 
tem, and a controller (54) for controlling the output 
of the auxiliary electrical power drive system based 
on operating conditions detected, characterized in 
that said controller (54) is provided with determin- 
ing means (70, 74) for determining whether said 
vehicle is being started or reaccelerated for power 
assisted running after coasting for controlling the 
ratio of assist power to the muscle power applied to 
the crankshaft (46) in response to said determina- 
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tion. 

2. Muscle-operated vehicle according to claim 1, 
characterized in that said determining means 
comprising a CPU (70) and a vehicle speed sensor 
(74) detecting the rotational speed of the crankshaft 
(46). 

3. Muscle-operated vehicle according to claim 1 or 2, 
characterized in that said controller (54) is 
adapted to control the ratio of assist power to a 
pedal force applied to the crankshaft (46) to be 
smaller under reacceleration conditions than under 
starting conditions, determined. 

4. Muscle-operated vehicle according to claim 3, 
characterized in that said controller (54) is 
adapted to control the ratio of assist power to the 
muscle power such that this ratio of assist power 
gradually increases under reacceleration condi- 
tions. 

5. Muscle-operated vehicle according to claim 4, 
characterized in that said ratio of assist power 
agrees with the ratio of assist power for starting 
after a specified period of time. 

6. Muscle-operated vehicle according to at least one 
of the preceding claims 1 to 5, characterized in 
that said controller (54) is adapted to control an 
assist power supply start determining torque (T) for 
reacceleration to be smaller than an assist power 
supply start determining torque (T) for starting. 

7. Muscle-operated vehicle according to at least one 
of the preceding claims 1 to 6, characterized in 
that said assist power in addition is controllable 
according to the muscle power detectable by a 
pedal force sensor (73). 

8. Muscle-operated vehicle according to at least one 
of the preceding claims 1 to 7, characterized in 
that said determining means (70, 74) is adapted to 
determine that the vehicle is being started based on 
whether the rotational speed of said crankshaft (46) 
is equal to or smaller than a specified value (V) 
when a muscle power detectable by a pedal force 
sensor (73) reaches a specified value (T) and to 
determine that the vehicle is being reaccelerated 
based on whether the rotational speed of said 
crankshaft (46) is equal to or larger than the speci- 
fied value (V) when the muscle power reaches said 
specified value (T). 

9. Muscle-operated vehicle according to at least one 
of the preceding claims 1 to 8, characterized in 
that said determining means (70, 74) is adapted to 
determine that the vehicle is being started based on 
whether the rotational speed of said crankshaft (46) 
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reaches a specified value (V) after the muscle 
power has reached a specified value (T) and to 
determine that the vehicle is reaccelerated based 
on whether the muscle power reaches a specified 
5 value (T) after the rotational speed of the crankshaft 

(46) has reached the specified value (V). 

10. Muscle-operated vehicle according to at least one 
of the preceding claims 1 to 9, characterized by a 

10 means (63) for receiving a memory card having a 
memory of assist power supply degree commensu- 
rate with a rider's physical strength and the like. 

11. Muscle-operated vehicle according to at least one 
is of the preceding claims 1 to 10, characterized in 

that said controller (54) is provided with a battery 
type detection means (72) for controlling the assist 
power according to the battery type. 

20 12. Muscle-operated vehicle according to at least one 
of the preceding claims 1 to 1 1 , characterized in 
that said determining means (70, 74) is adapted to 
determine whether said vehicle is being started or 
reaccelerated according to which occurs earlier the 

25 time when the muscle power reaches a specified 
value (T) or the time when the rotational speed of 
the crankshaft (46) reaches a specified value (V). 

1 3. Method for controlling an assist power of a muscle- 
30 operated vehicle (1), especially bicycle, comprising 

a muscle-operated driving system having a crank- 
shaft (46) rotatable by muscle power, an auxiliary 
electrical power drive system, and a controller (54) 
for controlling at least the output of the auxiliary 

35 electrical power drive system based on operating 
conditions detected, characterized by the steps of 
determining whether said vehicle is being started or 
reaccelerated after coasting and of differently con- 
trolling the ratio of assist power to the muscle power 

40 applied to the crankshaft (46) in response to the 
determining results. 

14. Method according to claim 13, characterized in 
that said determination is made on the basis of the 

45 rotational speed of the crankshaft (46). 

15. Method according to claim 13 or 14, characterized 
in that said controller (54) controls the ratio of 
assist power to a muscle power applied to the 

so crankshaft (46) to be smaller under reacceleration 
conditions than under starting conditions, deter- 
mined. 

16. Method according to claim 15, characterized in 
55 that said controller (54) controls the ratio of assist 

power to the muscle power such that this ratio of 
assist power gradually increases under reaccelera- 
tion conditions. 
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17. Method according to claim 16, characterized in 
that said ratio of assist power agrees with the ratio 
of assist power for starting after a specified period 
of time. 

5 

18. Method according to at least one of the preceding 
claims 13 to 17, characterized in that said control- 
ler (54) controls an assist power supply start deter- 
mining torque ("P) for reacceleration to be smaller 
than an assist power supply start determining io 
torque (T) for starting. 

19. Method according to at least one of the preceding 
claims 13 to 18, characterized in that said deter- 
mining means (70, 74) determines said assist 15 
power in addition is controllable according to the 
muscle power detectable by a pedal force sensor 
(73). 

20. Method according to at least one of the preceding 20 
claims 13 to 19, characterized in that said deter- 
mining means (70, 74) determines that the vehicle 

is being started based on whether the rotational 
speed of said crankshaft (46) is equal to or smaller 
than a specified value (V) when a muscle power 25 
detectable by a pedal force sensor (73) reaches a 
specified value (T) and to determine that the vehicle 
is being reaccelerated based on whether the rota- 
tional speed of said crankshaft (46) is equal to or 
larger than the specified value (V) when the muscle 30 
power reaches said specified value (T). 



21. Method according to at least one of the preceding 
claims 13 to 20, characterized in that said deter- 
mining means (70, 74) determines that the vehicle 35 
is being started based on whether the rotational 
speed of said crankshaft (46) reaches a specified 
value (V) after the muscle power has reached a 
specified value (T) and determines that the vehicle 
is reaccelerated based on whether the muscle 40 
power reaches a specified value (T) after the rota- 
tional speed of the crankshaft (46) has reached the 
specified value (V)- 



22. Method according to at least one of the preceding 45 
claims 13 to 21, characterized in that an assist 
power supply degree commensurate with a rider's 
physical strength and the like is stored in a memory 
card. 

50 

23. Method according to at least one of the preceding 
claims 13 to 22, characterized in that the assist 
power is further controlled in accordance with the 
type of a battery. 
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